PROBABLY the best method of classifying cases of deaf-mutism is to divide them into: (1) those due to an error in development (Constitutional or Congenital Deaf-mutism); and (2) those due to inflammatory conditions (Inflammatory or Acquired Deaf-mutism), though it must be admitted that a sharp boundary line between these groups cannot always be drawn.
(1) (a) Sporadic congenital deafness.-In this there are four subgroups:-(i) Aplasia of the whole labyrinth (Michel's type) is very rare and is probably due to non-formation of the otic vesicle in the first month of foetal life.
(ii) Malformation of the bony and membranous labyrinths (Mondini's or Alexander's type). The bony capsule of the cochlea is flattened from base to apex and the normal arrangement of the scale is only present in the basal coil. In the upper part there is a wide common space. Corti's organ may be absent or may show an embryonic form, while the cochlear ganglion is situated centrally in the modiolus and does not take a spiral course. The condition corresponds to that seen in the lowest mammals, the duckmole and echidna. A similar condition of the cochlea is seen in the second and third months of foetal life. The development of the cochlea takes place from base to apex, so that if development is arrested at a certain point, the septa between the higher scale fail to form, and consequently we have the production of a wide space (cloaca) at the apex of the cochlea.
Figs. 1, 2, 3 and 4 are from a case of congenital deaf-mutism in an idiot boy. They show almost total absence of labyrinth of the left ear (figs. 1 and 2)-a condition approximating to -Michel's type-and deformity of the cochlea of the right ear (figs. 3 and 4)-Mondini's or Alexander's type of congenital deaf-mutism.
(iii) Malformation affecting both the cochlear and vestibular apparatus. This form is said to be associated witb retinitis pigmentosa and feeble mental development. The vestibular reactions are greatly diminished or absent, and the patient's gait is uncertain. The most nmarked features on microscopic examination are hypoplasia of the sensory epithelium in both parts of the membranous labyrinth, atrophy of the cochlear and vestibular ganglia, alterations in the blood-vessels and changes in the brain. The conditions found in the labyrinths of waltzing mice are somewhat similar to those described above. ( Figs. 9, 10, 11 and 12 are from a congenitally deaf white bull terrier. Note that congenital deafness and albmisim are often associat3ed.
(1) (b) Endemic or cretinic deafness (Siebenmann's type).-According to Nager the average number of deaf-mutes in Europe is eight in ten thousand, but in Switzerland it is twenty-four in ten thousand. In more picturesque language, it has been said that deaf-mutism in Europe diminishes from the Alps towards the sea.
Stein states that 25% of cretins have normal hearing, 45% slight deafness, 25% severe deafness, and 5% absolute deafness. Nager gives the following figures: among cretins there are 29% of deaf-mutes and 32% hard of hearing.
Microscopic examination of the ear shows myxomatous thickening of the submucous tissues of the middle ear often filling up the window niches. The tympanic cavity may even be obliterated. In one of Nager's cases the malleus and incus were deformed and the long process of the incus and the head and posterior limb of the stapes were adherent to the facial canal ( fig. 13 ). There may be thickening gross abnormality in the labyrinth itself, but in one of Nager's cases the cochlear duct was dilated in the lower and collapsed in the upper part. Alexander found marked degenerative changes in Corti's organ. The vestibular apparatus is normal. Nager states that the condition arises about the sixth month of foetal life and continues even after birth.
According to Nager, tuning-fork tests show that many cretinic deaf-mutes are really only hard of hearing. This degree of deafness, however, in conjunction with the feeble mental development of the patient, results in deaf-mutism. Nager further states that the deafness is not always due to defects in the ear but may be caused by changes in the cerebral cortex.
Figs. 13 and 14 are from microscopic slides from cases of endemic or cretinic deafness kindly presented. by Professor F. R. Nager, of Zulrich. Fig. 13 shows the deformed stapes adherent to the posterior margin of the oval window and facial canal. There is also well-marked malformation of Corti's organ in all coils and (2) Inflammatory or acquired deaf-mutism.-(a) Deaf-mutism may be due to trauma, e.g., fracture of the cranial base involving both labyrinths. About 3% of cases of acquired deaf-mutism are of traumatic origin. Unless the injury to the labyrinth occurs during the first ten years of life, deaf-mutism does not result. Nager's patient was a man, aged 64, who at the age of 4 received a severe head injury. Microscopic examination showed normal middle ears. The labyrinth capsules showed traces of old vertical fracture at right angles to the long axis of the --II r. (b) Congenital syphilitic deaf-mutism.-There are two views as to the nature of the pathological changes in this condition. One group of observers holds that congenital syphilitic deafness is due to syphilitic meningitis and secondary neurolabyrinthitis. The other view is that the condition is secondary to otitis media which, in syphilitic children, does not clear up but breaks through the windows or invades the bony capsule of the labyrinth and so reaches the hollow spaces of the inner ear. In Gradenigo's case both labyrinth windows were destroyed and the vestibule and cochlea were practically filled up with new formed bone and connective tissue. The canals were completely obliterated. In Schlittler's case there were remains of a past inflammation in the middle ear, as shown by bony ankylosis of the joint between the malleus and incus and spongification of the anterior crus of the stapes and of the neighbouring part of the oval window niche. The inner ear showed new connective tissue and bone formation in the perilymphatic space, with marked dilatation of the cochlear duct and atrophy of the epithelial nerve endings. Schlittler concluded that the condition had been one of genuine primary otitis interna. purulent meningitis. From the meninges the infection passes to the labyrinth, within the pia arachnoid sheaths of the eighth nerve, or along the aqueduct of the cochlea. In the first stage of neuro-labyrinthitis the hollow spaces of the inner ear are filled with blood-stained serum which later becomes purulent and results in complete destruction of the membranous labyrinth. This is followed by the formation of granulation and connective tissue and finally by new bone formation.
The base of the cochlea is more affected than the apex but in some cases the cochlea is completely obliterated.
Meningitis may occur in the ftetus in utero but such a condition is difficult to prove. Cases of deaf-mutism, however, have been recorded in which the patient was apparently deaf from birth and in which microscopic examination of the middle ear showed normal conditions. The appearances present in the labyrinth corresponded to those seen in undoubted cases of meningitic labyrinthitis. Fig. 24 is from a case of neuro-labyrinthitis due to epidemic cerebrospinal meningitis (J. S. F.). Fig. 25 is from a case of meningitis due to measles and pneumonia (J. S. F.). Fig. 26 is from a case of deaf-mutism following measles and meningitis, kindly presented by Professor Nager. 1 23 6. (d) Deaf-mutism due to labyrinthitis following middle-ear suppuration.
Denker states that middle-ear lesions alone do not produce such severe deafness as to give rise to deaf-mutism. If, however, the otitis media invades the labyrinth through the windows on both sides, bilateral labyrinthitis is set up and, if the child is very young, results in deaf-mutism.
Microscopic examination in these cases shows, as a rule, not only evidence of middle-ear suppuration but also closure of the round window niche by new formed bone. Here again the changes in the basal part of the cochlea are more marked than in the apical coil. The vestibule usually shows dilatation of the utricle and saccule, with connective tissue and bone formation in the perilymph space. The canals are often obliterated.
Alexander Mercer (case not previously recorded). The patient was first brought to the Royal Infirmary, Edinburgh, in 1910, at the age of 16 months. Examination showed bilateral purulent otitis media. Enlarged tonsils and adenoids were removed. Six months later the radical mastoid operation was performed on both ears at another hospital. The patient was brought back to the Royal Infirmary in August, 1923;  at that time he was being educated at Donaldson's Hospital as a deaf-mute. The APRIrI-OTOL. 2 * patient's parents stated that he had been late in learning to walk. Examination showed masses of desquamated epithelium in the operation cavity on both sides. The boy appeared to hear loud sounds, though his cry was that of a deaf child. Cold syringing of each ear produced prompt nystagmus. The patient died in a medical ward in December, 1929, aged 21 years, from aplastic anaemia.
Microscopic examination of the right ear.-The medial wall of the middle ear is lined by squamous epithelium. Beneath this there is a thick layer of connective tissue, and below this again there is erosion of the periosteal bone. There is considerable dilatation of the Haversian spaces in the bone of the anterior margin of the oval window. The Eustachian tube is closed by connective tissue (radical mastoid operation). There is a break in the bony canal of the facial nerve and the nerve itself has protruded through this gap (possibly result of operation) ( fig. 27 ). The crura of the stapes are absent, and the niche of the oval window is largely filled up with connective tissue: there is, however, no bony ankylosis of the stapes. The round window niche is obliterated by new bone formation ( fig. 28 ), and the basal coil of the cochlea and the perilymphatic aqueduct show a similar condition. (Apparently the infection of the scala tympani in the basal coil had burst through the basilar membrane and cochlear canal and involved the scala vestibuli.) Elsewhere in the cochlea the scala media is greatly dilated, practically obliterating the scala vestibuli. The spiral ganglion cells are degenerated, especially in the lower coil, and there is here a considerable amount of small cell infiltration. Corti's organ is degenerated in all coils.
The neuro-epithelium of the utricle is healthy, but the otolith membrane is detached (artefact ?). The saccule is more or less collapsed. The aqueduct of the vestibule appears to be normal. The membranous semicircular canals and cristae are healthy (figs. 27 and 28).
Microscopic examination of the left middle and inner ear shows somewhat similar conditions. The round window niche is filled up by new bone (fig. 30 ). The saccule is dilated and its membranous wall is in contact with the medial surface of the footplate of the stapes (fig. 29 ). The neuro-epithelium and otolith membrane are present. The aqueduct of the vestibule appears to be somewhat dilated. In the basal coil Corti's organ is atrophied, but in the middle and upper coils it is fairly well formed, the pillar cells and membrana tectoria being clearly seen. The cochlear canal is dilated. There is almost complete degeneration of the dochlear ganglion in the basal coil, with small-celled infiltration. The utricle and canals are normal, as are also the nerves in the internal meatus (figs. 29 and 30).
(In regard to the microscopic examination of this case, the writer begs to acknowledge a grant from the Moray Research Fund.)
